Determination of the Risks That Are Emerged from the Use of Aerial Photographs in the Mapping Activities for Landslide Movements by FMEA and Pareto Analysis Methods and Suggested Solutions  by Can, Eray & Erbiyik, Hikmet
 Procedia Engineering  161 ( 2016 )  850 – 858 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
doi: 10.1016/j.proeng.2016.08.729 
ScienceDirect
Available online at www.sciencedirect.com
:RUOG0XOWLGLVFLSOLQDU\&LYLO(QJLQHHULQJ$UFKLWHFWXUH8UEDQ3ODQQLQJ6\PSRVLXP
:0&$86
'HWHUPLQDWLRQRIWKH5LVNV7KDW$UH(PHUJHGIURPWKH8VHRI
$HULDO3KRWRJUDSKVLQWKH0DSSLQJ$FWLYLWLHVIRU/DQGVOLGH
0RYHPHQWVE\)0($DQG3DUHWR$QDO\VLV0HWKRGVDQG6XJJHVWHG
6ROXWLRQV
(UD\&DQD+LNPHW(UEL\LNE
aYalova University, Engineering Faculty, Transportation Engineering Department,Yalova, 77100, Turkey 
bYalova University, Engineering Faculty, Industrial Engineering Department,Yalova, 77100, Turkey 
$EVWUDFW
7KHHPHUJHQFHRIODQGVOLGHVWDNHSDUWDPRQJIORRGLQJHDUWKTXDNHVWVXQDPLYROFDQRHUXSWLRQVVWRUPVHWFWKDWXVXDOO\SOD\
DGYHUVH UROHRQ WKH OLIHRI WKHVRFLHWLHV ,QJHQHUDO WKH ODQGVOLGHVHPHUJHGXH WR WKH IORZFROODSVH VOLGHRU IDOORI WKH ILOOLQJ
PDWHULDOV LQ WKH KLOOVLGH WKDW ORVH WKHLU VWDELOLW\ 7KHPRQLWRULQJ RI WKH ODQGVOLGHV LQ SUHHPHUJLQJ VWDJH DQG WR HQVXUH WDNLQJ
SUHFDXWLRQDU\PHDVXUHV WKDW WKH\GRQRWFDXVHDQ\KDUP LQ WKH LQIUDVWUXFWXUHVDUH VR LPSRUWDQWZLWK UHJDUG WRKXPDQ OLIHDQG
GZHOOLQJSODFHVRIWKHVRFLHW\$VVHVVLQJWKHDHULDOSKRWRJUDSK\DORQJVLGHZLWKWKHWRSRJUDSKLFPHDVXUHPHQWVRQWKHODQGVOLGH
VWULFNHQ DUHDVRU RQ WKH ILHOGVRI KDYLQJ ODQGVOLGHSRWHQWLDO EHFRPHVYHU\ LPSRUWDQW GXULQJ WKHHYDOXDWLQJ XQGHUVWDQGLQJDQG
PDNLQJLQYHQWRU\DQGVHQVLWLYLW\PDSSLQJRIWKHODQGVOLGHV7KHUHDUHVRPHULVNVHVSHFLDOO\LQWKHDVVHVVPHQWRIDHULDOSKRWRJUDSK\
DQGPDNLQJKLJKTXDOLW\LQYHQWRU\DQGVHQVLWLYLW\PDSVDORQJVLGHZLWKWKHODQGVOLGHILHOGVWXGLHV,QWKHVWXG\LWLVDWWHPSWHGWR
SURYLGH VXIILFLHQW LQIRUPDWLRQRQGHILQLWLRQ HYDOXDWLRQDQG WDNLQJSUHFDXWLRQDU\PHDVXUHVE\)0($DQG3DUHWR$QDO\VLV IRU
GLIILFXOWLHVDQGULVNVWKDWDUHUHOHYDQWZLWKWKHDHULDOSKRWRJUDSK\DORQJVLGHZLWKWKHODQGVOLGHILHOGVWXGLHV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI:0&$86
Keywords:DHULDOSKRWRJUDSK\ODQGVOLGHLQYHQWRU\PDSVODQGVOLGHDQDO\VLVULVNDVVHVVPHQW)0($3DUHWRWRSRJUDSKLFPHDVXUHPHQWV



&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:FDQHUD\#KRWPDLOFRP
© 2016 The Authors. Published by lsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
851 Eray Can and Hikmet Erbiyik /  Procedia Engineering  161 ( 2016 )  850 – 858 
,QWURGXFWLRQ
7KHODQGVOLGHVPLJKWEHIRUPHGXQGHUWKHJHRORJLFDOJHRSK\VLFDODQGJHRPRUSKRORJLFLQFLGHQWVRIWRSRJUDSKLF
QDWXUHDVZHOODVWKHUHVXOWVRIK\GURORJLFFOLPDWLFIORUDIDXQDDQGKXPDQODQGXVDJHHIIHFWV)LJXUH5HVXOWLQJ
PDVVHVDIWHUWKHODQGVOLGHHYHQWVFDQEHGHYHORSHGLQDQ\RQHRUFRPELQDWLRQIRUPVRIWKHPRYHPHQWVRIWKHIDOORI
VOLGHRUIORZ>@+RZHYHUWKHODQGVOLGHHYHQWVDUHUHJDUGHGDPRQJWKHPRYHPHQWVWKDWSOD\DQLPSRUWDQWUROHLQ
WKHGHYHORSPHQWDQGHYROXWLRQRIWKHHDUWK,WLVDOVRYHU\LPSRUWDQWWRPDNHPDSVDQGDQDO\VLVIRUWKHODQGVOLGHVWKDW
DIIHFWWKHFRPPXQLW\OLIHDGYHUVHO\DQGLPSOHPHQWLQJWKHVHPDSVHIIHFWLYHO\LQWKHUHDOOLIHRIWKHFRPPXQLWLHV
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










)LJXUHD/DQGVOLGHIRUPDWLRQDQGFRQVWLWXHQWVE2FFXUUHQFHRIODQGVOLGH>@
2QWKHRWKHUKDQGSRVLWLRQDODQGWHPSRUDOODQGVOLGHUHVROXWLRQVDQGDQDO\VLVGXULQJWKHIRUPDWLRQRIODQGVOLGHPDSV
SOD\DOVRLPSRUWDQWUROH LQRUGHU WRPLWLJDWH WKHODQGVOLGHGDPDJHV>@:KLOHUHYLHZLQJWKHODQGVOLGHPDSVDQG
DQDO\VLVRQHFDQ ILQGFULWLFDO LQIRUPDWLRQ IRU WKHGHFLVLRQPDNHUVRIXUEDQJRYHUQRUV DQGFLW\SODQQHUV)RU WKDW
UHDVRQYDULRXVODQGVOLGHLQYHQWRU\PDSVDUHEHLQJSURGXFHGLQGLIIHUHQWVFDOHW\SHVDQGE\XWLOL]LQJGLIIHUHQWPHWKRGV
LQRXUGD\VLQPRVWRIWKHFRXQWULHVLQWKHZRUOG$GGLWLRQDOO\UHOHYDQWLQIRUPDWLRQIRUODQGVOLGHVDUHEHLQJNHSWLQ
WKHGDWDEDVHDQGEHLQJUHFDOOHGZKHQHYHUQHHGHG:KLOHUHYLHZLQJLQJHQHUDOLQSHUIRUPLQJODQGVOLGHDQDO\VLVDQG
SURGXFLQJODQGVOLGHPDSVGHILQLWLRQRI WKHIRUPDWLRQW\SHRI ODQGVOLGH ODQGVOLGHJHRPHWU\ ODQGVOLGHDFWLYLW\DQG
IRUPDWLRQWLPHEHFRPHQHFHVVDU\+RZHYHUWKH*36DQGWRSRJUDSKLFPHDVXUHPHQWVPDGHLQWKHUHYLHZILHOGDQGWKH
GLUHFWLRQVRI WKHPRYHPHQWV WKDW DUHGHILQHG DW WKH HQGRI WKHVHPHDVXUHPHQWVSDUDPHWHUVRI WKHKRUL]RQWDO DQG
YHUWLFDOD[HVKRUL]RQWDOXQLWGLVSODFHPHQWDPRXQWVDQGWKHUHVXOWVRIWKHFXUYDWXUHPHDVXUHPHQWVLQKRUL]RQWDODQG
YHUWLFDOD[HVKDYHWREHGHILQHGDVZHOO7KHREMHFWLYHVRIWKHPDNLQJODQGVOLGHDQDO\VLVDQGPDSVFDQEHFLWHGDV
IROORZV
x 7KHLQGLFDWLRQRIWKHUHJLRQDODQGFRXQWU\ZLGHODQGVOLGHIRUPDWLRQORFDWLRQVDQGSRVLWLRQVDQGSUHSDULQJ
UHOHYDQWGRFXPHQWDWLRQIRUWKHVHPRYHPHQWV
x 7KHUHDOL]DWLRQRIWKHSRVLWLRQDOGLVWULEXWLRQRIWKHODQGVOLGHVWKDWDUHUHOHYDQWZLWKJHRPRUSKRORJLFJHRORJLF
DQGJHRSK\VLFDOIHDWXUHV
x 7KHIRUPDWLRQRIDEDVHPDSVWKDWZLOOSURYLGHDJXLGDQFHIRUODQGVOLGHKD]DUGVDQGULVNVDQGZLOOFRQWDLQ
WKHJHRPHWULFDOLQIRUPDWLRQRIWKHODQGVOLGHV
7KHUHDUHPDQ\NLQGRIPHWKRGVLQPDNLQJODQGVOLGHPDSVDQGVRPHRIWKHPDUHGHILQHGEHORZ>@
x 7RSRJUDSKLF0DSVDQG'LJLWDO(OHYDWLRQ0RGHOV'(0
x 7KH,QWHUSUHWDWLRQRI$HULDO3KRWRJUDSK\
x 7RSRJUDSKLFVWXGLHVLQWKHILHOG
x *HRORJLFJHRSK\VLFDODQGJHRPRUSKRORJLFVWXGLHV
x 0DSDUFKLYHV
x *36PHDVXUHPHQWVDQGDSSOLFDWLRQV
x /LJKW'HWHFWLRQDQG5DQJLQJ/'5LPSOHPHQWDWLRQV
x 8VDJHRIVDWHOOLWHLPDJHV
,QPDNLQJWKHVHPDSVDQGWKHUHOHYDQWDQDO\VLVDPRQJWKHDERYHGHILQHGPHWKRGV7KH,QWHUSUHWDWLRQRI$HULDO
 D E
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3KRWRJUDSK\DQGGLUHFW WRSRJUDSKLFPHDVXUHPHQWV LQ WKH ILHOGE\XVLQJ*36QLYHOPDQ«HWFEHLQJUHDOL]HG LQ
PRVWFDVHVLQRUGHUWRDVVLVWWKHLQWHUSUHWDWLRQVRIWKHDHULDOSKRWRJUDSK\
:KLOHFRQVLGHULQJWKHWZRPHWKRGDOWRJHWKHUWKHUHDOL]HGDQDO\VLVDQGPDNLQJPDSVGUDZLQJPRUHDWWHQWLRQLQWKH
OLWHUDWXUHDQGIDFLOLWDWLQJWRLQFUHDVHWKHVHQVLWLYLW\RIWKHPDSV>@,QJHQHUDOLQPDNLQJWKHODQGVOLGHLQYHQWRU\PDSV
WKHUHDUHWZREDVLFFULWHULD2QHRIWKHVHFULWHULDLVWKHVFDOHRIWKHSURGXFHGODQGVOLGHPDSVDQGWKHRWKHULVWKHW\SH
RIPDSSLQJLWVHOI:KLOHUHYLHZLQJWKHVFDOHW\SHRQHFDQGLYLGHWKHPDVVPDOOVFDOHPHGLXPVFDOHDQGODUJHVFDOH
7KHVPDOOVFDOHPDSVDUHREWDLQHGE\LQWHUSUHWDWLRQDORWRIDHULDOSKRWRJUDSKVDQGE\OLWHUDWXUHVXUYH\7KHPHGLXP
VFDOHODQGVOLGHPDSVDUHREWDLQHGXVXDOO\E\LQWHUSUHWDWLRQWKHDHULDOSKRWRJUDSKVDQGRQVLWHILHOGREVHUYDWLRQV
7KH ODUJH VFDOH ODQGVOLGHPDSV DUH SURGXFHG E\ XVLQJ GHWDLOHG DHULDO SKRWRJUDSKV LQ WKH VPDOOHU UHJLRQV KLJK
UHVROXWLRQVDWHOOLWHLPDJHVGLJLWDOHOHYDWLRQPRGHOVDQGZLWKWKHWRSRJUDSKLFPHDVXUHPHQWVLQWKHILHOGDOWRJHWKHU
,QFODVVLILFDWLRQRIWKHODQGVOLGHLQYHQWRU\PDSVWKHVHFRQGFULWHULRQLVWKHW\SHRIPDSSLQJ7KHVHPDSVDUHUHYLHZHG
LQWZRJURXSVDVDUFKLYHPDSVDQGJHRPRUSKRORJLFODQGVOLGHPDSV>@:KLOHDUFKLYHODQGVOLGHPDSVDUHREWDLQHGE\
LQYHVWLJDWLRQ DERXW IRU H[LVWLQJ OLWHUDWXUHV DQG DUFKLYHV RQ WKH RWKHU KDQG JHRPRUSKRORJLF ODQGVOLGH PDSV DUH
UHYLHZHGXQGHUIRXUJURXSVDVKLVWRULFDOHYHQWEDVHGVHDVRQDODQGPXOWLWHPSRUDO>@7KHEDVLFILYHSDUDPHWHUV
WKDWDIIHFWWKHUHOLDELOLW\RIWKHSURGXFHGODQGVOLGHPDSVFDQEHFLWHGDVIROORZV>@
x 7KHUHVROXWLRQVFDOHWLPLQJDQGTXDOLW\RIDHULDOSKRWRJUDSKVDQGRUWKHVDWHOOLWHLPDJHVWKDWDUHXVHGIRUWKH
ODQGVOLGHDQDO\VLV
x 6FDOHTXDOLW\DQGSURGXFWLRQVWDJHVRIWKHPDSWKDWZLOOSURYLGHLQIRUPDWLRQRQODQGVOLGHVDQGWREHXVHGDV
EDVHPDS
x 6HQVLWLYLW\ DQG SUHFLVLRQ RI WKH WRSRJUDSKLF PHDVXUHPHQWV WKDW DUH PDGH IRU WKH PDS WKDW ZLOO SURYLGH
LQIRUPDWLRQRQODQGVOLGHVDQGWREHXVHGDVEDVHPDS
x 4XDOLW\DQGFDOLEUDWLRQVRIWKHPHDVXUHPHQWHTXLSPHQW¶VWKDWDUHWREHXVHGIRULQWHUSUHWDWLRQV
x .QRZOHGJHDQGH[SHULHQFHRIWKHSHRSOHWKDWZLOOPDNHWKHLQWHUSUHWDWLRQV
,QDGGLWLRQLQWKHVWXGLHVDQGUHVHDUFKHVFDUULHGRXWLQWKLVILHOGDQGLQSURGXFLQJKLJKTXDOLW\ODQGVOLGHLQYHQWRU\
PDSVLWLVIRXQGWKDWVSHFLDOO\PLVWDNHUDWHRIWKHPDSVKDVEHHQUHGXFHGDVWKHVFDOHRIDHULDOSKRWRJUDSKVDQGWHDP
H[SHULHQFHLQFUHDVHV>@$VDUHVXOWLQUHDOL]DWLRQRIKLJKTXDOLW\ODQGVOLGHDQDO\VLVDQGLQWKHSURGXFWLRQRIODQGVOLGH
PDSVIROORZLQJWKLVDQDO\VLVWKHXVDJHRIDHULDOSKRWRJUDSK\DQGVDWHOOLWHLPDJHRIKLJKUHVROXWLRQKLJKTXDOLW\DQG
XSGDWHGZLOOEHQHFHVVDU\+RZHYHUWKHLQWHQGHGPDSVZLOOKDYHWRKDYHWKHUHSUHVHQWDWLYHIHDWXUHVRIWKHZRUNHG
ILHOG,QDGGLWLRQLIQHFHVVDU\JHRORJLFJHRGHWLFDQGJHRSK\VLFDOGDWDWKDWDUHUHOHYDQWWRODQGVOLGHDUHDDOVRKDYH
WREHFROOHFWHGIURPWKHUHVHDUFKILHOG,QWKLVVWXG\LIWKHDHULDOSKRWRJUDSKVDUHEHLQJXVHGLQSURGXFLQJODQGVOLGH
LQYHQWRU\PDSVWKHSRWHQWLDOULVNVDQGKD]DUGVWREHHQFRXQWHUHGLQWKHVHDQDO\VLVDQGWKHSRWHQWLDOIDLOXUHUHVRXUFHV
PLJKWEHDIIHFWLQJWKHODQGVOLGHPDSTXDOLW\LWLVDWWHPSWHGWRGHILQHWKHPE\)0($DQG3DUHWRDQDO\VLV

7KHLQWHUSUHWDWLRQVRIDHULDOSKRWRJUDSKVLQODQGVOLGHV

7KHDHULDOSKRWRJUDSKVSURYLGHWKHZKROHPDSRIWKHUHYLHZHGDUHDDVZHOODVWKH'PRGHO,IWKHVHSKRWRJUDSKV
DUH LQWHUSUHWHGSURSHUO\QRWRQO\ WKH\SURYLGH LQIRUPDWLRQDERXW WKHJURXQGDQG WKH WRSRJUDSK\EXWDOVRSURYLGH
UHOHYDQWLQIRUPDWLRQIRUWKHDUHDJHRORJ\JURXQGW\SHDQGWKHDOWHUDWLRQVLQWKHWRSRJUDSK\IRUPHGE\QDWXUDOFDXVHV
DQGKXPDQLQWHUIHUHQFH7KHDHULDOSKRWRJUDSKVSURYLGHWKHIROORZLQJEHQHILWVLQODQGVOLGHDQDO\VLVDQGSURGXFWLRQ
RIWKHPDSV
x $HULDOSKRWRJUDSKVDUHPDWHULDOVWKDWKDYHWKHDELOLW\WRGHSLFWWKHZKROHSHUVSHFWLYHRIDODUJHDUHDLQ'
IRUP
x 7KHERUGHUVDQGJHRPHWU\RIWKHH[LVWLQJODQGVOLGHVFRXOGEHDVFHUWDLQHGDWRQFHDQGXSWRGDWH
x :DWHUZD\VRQWKHVXUIDFHRUQHDUWRVXUIDFHFRXOGEHPRQLWRUHGE\DHULDOSKRWRJUDSKV
x 7KHXQFKDQJHGVRLODQGURFNIRUPDWLRQVDQGVWUXFWXUHVFRXOGEHUHYLHZHGDQGDVVHVVHGE\DHULDOSKRWRJUDSKV
x 2QVXUIDFHDQGXQGHUVXUIDFHODQGVOLGHUHYLHZSURJUDPVDQGRUJDQL]DWLRQVFRXOGEHSODQQHGLQDEHWWHUZD\
WRJHWKHUZLWKWKHILHOGZRUNV
x 2OG DHULDO SKRWRJUDSKV DQG QHZ DHULDO SKRWRJUDSKV RI ODQGVOLGH ]RQH FRXOG EH FRPSDUHG DQG KHQFH WKH
SURJUHVVLQJVWDJHVRIWKHODQGVOLGHVEHLQJPRQLWRUHGHDVLO\
x $HULDOSKRWRJUDSKVKDYH WKH IHDWXUHRIEHLQJ UHYLHZDEOH LQ DOO WLPHV DQG LQ DOO ORFDWLRQV DQGEHLQJ HDVLO\
VXUYH\DEOH
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x 7KHZKROHLQIRUPDWLRQLQDHULDOSKRWRJUDSKVFRXOGHDVLO\EHFRQYH\HGWRRWKHUDSSOLFDWLRQVDQGUHVHDUFKHV

7KHFRUUHFWQHVVDQGUHOLDELOLW\RIWKHLQWHUSUHWDWLRQVIURPDHULDOSKRWRJUDSKVZLOODOVRGHSHQGRQWKHNQRZOHGJHRI
WKHLQWHUSUHWHURQWKHHDUWKVWUXFWXUHDQGJHRORJ\RIWKHUHOHYDQW]RQHLQJHQHUDWLQJDQGDQDO\VLQJWKHODQGVOLGHPDSV
,QDGGLWLRQDORWRIEHQHILWVDUHLQWHQGHGE\UHDOL]LQJWKHUHYLHZVDQGWRSRJUDSKLFPHDVXUHPHQWVLQWKHILHOGDQGE\
FRQVROLGDWLQJDQGYHULI\LQJWKLVLQIRUPDWLRQ$VDUHVXOWRIWKHODQGVOLGHDQDO\VLVFRQGXFWLRQVDORWRIEDVLFHOHPHQWV
DQG LQIRUPDWLRQ WKDWGHILQH WKHJURXQGFRQGLWLRQVEHLQJXQGHUVWRRGYLDDHULDOSKRWRJUDSKV$PRQJWKRVHJURXQG
IRUPDWLRQGUDLQDJHDQGHURVLRQIORUDDQGIDXQDFRORXUWRQHVRIWKHHDUWKDQGWKHFKDQJHVFDUULHGRXWE\KXPDQKDQG
FDQEHFLWHG>@$PRQJWKHSULPHOLPLWDWLRQVDQGGLIILFXOWLHVWKDWPLJKWEHHQFRXQWHUHGLQLQWHUSUHWDWLRQWKHODQGVOLGH
DQDO\VLV IURPDHULDOSKRWRJUDSK\DQGSURGXFLQJ WKHPDSVSHUVRQDOH[SHULHQFHVFDOHRI WKHH[LVWLQJSKRWRJUDSKV
GHYHORSPHQWVLQXUEDQOLIHDQGLQDGHTXDF\RIWKHILHOGPHDVXUHPHQWVFDQEHFLWHG>@

)DLOXUH0RGHDQG(IIHFW$QDO\VLV)0($DQG3DUHWR$QDO\VLV

7KLV ULVN DQDO\VLVPHWKRG SURYLGHV WKHPHDQV DQG FRQWUROV IRU HOLPLQDWLQJ WKH ULVNV RI SULPH LPSRUWDQFH DQG
GHWHFWLQJ WKH IDLOXUHV EHIRUH WUDQVIRUPLQJ WKHP LQWR KD]DUG ZKLOH PDNLQJ ULVN DVVHVVPHQWV DQG SODQQLQJ LQ WKH
FRQFHUQHGV\VWHPV>@,QDGGLWLRQDSDUWIURPWKHRWKHUULVNDQDO\VLVPHWKRGVLWDOVRSURYLGHVWKHDVVHVVPHQWRI
ULVNGHWHFWDELOLW\LQDGYDQFH
)DLOXUH0RGHDQG(IIHFW$QDO\VLV )0($KDYHDZLGH UDQJHRI DSSOLFDWLRQDVZHOODVEHLQJD ILUPDQDO\VLV
WHFKQLTXHE\SURYLGLQJWKHHIIHFWLYHGHWHFWDELOLW\IRUSRWHQWLDOULVNVLQDGYDQFHDQGKHQFHKHOSVWRSUHYHQWWKHPWR
RFFXU>@7KHLPSOHPHQWDWLRQRIWKLVWHFKQLTXHLVPRUHDSSURSULDWHWRXVHLQWKHGHVLJQDQGGHYHORSPHQW
VWDJH RI WKH SURMHFWV %HFDXVH WKH FRVW RI UHVRXUFHV IRU FRUUHFWLQJ DQG LPSURYLQJ WKH QRQFRQIRUPLWLHV WKDW DUH
HQFRXQWHUHG GXULQJ WKH V\VWHPRSHUDWLRQ SURFHVVHV LV EHLQJ UHDOL]HG DW LWVPLQLPXP OHYHO GXULQJ WKH GHVLJQ DQG
GHYHORSPHQWVWDJH7KHEHQHILWVRIWKLVPHWKRGFDQEHFLWHGDV
x 7RLPSURYHWKHTXDOLW\UHOLDELOLW\DQGVDIHW\RIWKHH[LVWLQJV\VWHP
x 7RPDLQWDLQWKHGHILQLWLRQRIWKHSULRULWLHVRIWKHDFWLYLWLHVRIWKHV\VWHP
x 7RUHYHDOWKHVLPLODULWLHVWRFRQVLGHUWKHSRWHQWLDOIDLOXUHPRGHVDQGWKHLUHIIHFWVIRUWKHZKROHSURFHVV7R
DLGWKHGHILQLWLRQRIWKHSRWHQWLDOFULWLFDODQGLPSRUWDQWFKDUDFWHULVWLFV
x 7RPDLQWDLQDVXLWDEOHPHGLDIRUIDLOXUHSUHYHQWLRQ
x 7RGHILQHWKHUHOHYDQWFRUUHFWLYHDQGSUHYHQWLYHDFWLRQV
x 7RFHUWLI\DQGPRQLWRUWKHULVNUHGXFLQJDFWLYLWLHV
$VXLWDEOHWHDPKDVWREHGHILQHGLQDFFRUGDQFHZLWKWKHVHOHFWHGV\VWHPLQ)0($VWXGLHV%HFDXVHGHILQLWLRQRI
WKH SRWHQWLDO SUREOHPV DQG 5LVN 3ULRULW\ 1XPEHUV 531 WKDW PLJKW EH HPHUJHG LQ WKH V\VWHP UHTXLUH UHOHYDQW
NQRZOHGJHDQGH[SHULHQFH
'XULQJWKHGHVLJQDQGGHYHORSPHQWVWDJHVRIWKHV\VWHPVWKHUHOHYDQWIDLOXUHVLQWKHFRQWHQWRIWKH)0($DUH
EHLQJKDQGOHGLQDFHUWDLQV\VWHPDQGIRUPXOD,QWKLVUHJDUGEDVLFHOHPHQWVIRUGHWHUPLQLQJWKHSULRULWLHVRIWKH
ULVNVDQGIDLOXUHVLQWKLVDQDO\VLVGHILQHGDV>@
x 3UREDELOLW\WR2FFXU2FFXUUHQFH
x 6HYHULW\
x 'HWHFWDELOLW\>@
3UREDELOLW\WRRFFXU2FFXUUHQFHGHILQHVWKHIDLOXUHIUHTXHQF\JUDGLQJV\VWHPRIWRLVXVHG)RU6HYHULW\
RU:HLJKWJUDGLQJV\VWHPRIWRLVXVHG)RUGHWHFWDELOLW\JUDGLQJV\VWHPRIWRLVXVHG'HWHFWDELOLW\
LQGLFDWHVWKHGHJUHHRIGLIILFXOW\IRUGHWHFWLQJWKHIDLOXUHHJWRGHWHFWDWRQFHYHU\XQOLNHO\WRGHWHFW+RZHYHU
RQHLPSRUWDQFHDVSHFWRIWKH
GHWHFWDELOLW\
FRPSRQHQWLVDELOLW\WRGHWHFWWKHIDLOXUHLQDGYDQFHRIHPHUJLQJ
7KHUHDUHDORWRIPHWKRGVIRUHVWLPDWLQJWKHJUDGHRIWKHVHFRPSRQHQWV%XWWKHPRVWFXVWRPDU\PHWKRGLVWRXVH
WKHQXPHULFDO LQGLFDWRU WDEOHV:KLOH FRQVLGHULQJ WKHDERYHGHILQHG ULVNDVVHVVPHQW FRPSRQHQWV DOO WRJHWKHU D
FHUWDLQ5LVN3ULRULW\1XPEHU531LVDVVLJQHGIRUHDFKIDLOXUHW\SHDVWKHPXOWLSOLFDWLRQRIWKHVHFRPSRQHQWV531
GHILQHVDOVRFULWLFDOOHYHODVULVNLQGLFDWRU>@,QFDOFXODWLRQRIWKH5LVN3ULRULW\1XPEHU531WKHSUHDVVLJQHG
YDOXHVRIULVNIDFWRUVDUHFRQVLGHUHG:KLOHWKHULVNVDUHGHILQHGIRUHDFKIDLOXUHW\SHLWLVDWWHPSWHGWRUHGXFHWKHULVN
OHYHOVWDUWLQJIURPKLJKHVW531GRZQZDUGLQWKHVKRUWWHUPRQWKHRWKHUKDQGLQWKHORQJWHUPLW LVDWWHPSWHGWR
LQLWLDWHWKHFRUUHFWLYHDFWLRQVWRHOLPLQDWHWKHPFRPSOHWHO\531YDOXHVIRU)0($LVREWDLQHGE\PXOWLSO\LQJWKH
YDOXHVIRUDOOFRPSRQHQWV>@,Q7DEOH531OHYHOVDUHGHILQHG
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
531 22FFXUUHQFH$6HYHULW\6'HWHFWDELOLW\    
7DEOH5LVN3ULRULW\1XPEHUV531>@
5LVNSULRULW\OHYHOV
531
3UHFDXWLRQ
531 1RQHHGWRWDNHDFWLRQ
531 0HGLXPULVNPHDVXUHVFDQEHWDNHQ
531! &DXWLRQQHHGVWREHWDNHQKLJKULVN

531YDOXHSURYLGHVWKHSULRULWL]LQJRIWKHULVNVLQ)0($DQDO\VLVKHQFHDVVLVWVWRGHILQHWKHSULPDU\ULVNVWR
KDQGOH:KLOH531PDLQWDLQVWKHIDLOXUHJUDGLQJDVSHUSULRULW\LWDOVRJXLGHVWKHUHOHYDQWSHRSOHIRULPSURYHPHQW
VWXGLHVDIWHU)0($SURFHVV2QWKHRWKHUKDQG3DUHWRDQDO\VLVLVDNLQGRIPHWKRGWRGHILQHWKHVHTXHQFLQJRIWKH
ULVNSULRULWLHVDQGDOVRGHILQHVWKHSHUFHQWDJHVKDUHRIDQ\ULVNDPRQJWKHRWKHUULVNV>@$GGLWLRQDOO\LWSURYLGHV
GHILQLWLRQIRUFXPXODWLYHULVNYDOXHZLWKFRPSDULVRQWRWKHGHILQHGULVNWKUHVKROGYDOXHHQDEOLQJXVWRWDNHUHOHYDQW
SUHFDXWLRQV+HQFHZHFDQHDVLO\REVHUYHWKHULVNOHYHOVZKHWKHULWLVDERYHRUEHORZRIWKHWKUHVKROGYDOXH

7RUHYLHZWKHUHOHYDQWULVNVWKDWDUHRULJLQDWHGIURPWKHXVHRIDHULDOSKRWRJUDSKVLQODQGVOLGHDQDO\VLVDQG
LQSURGXFLQJODQGVOLGHPDSV

,WLVDOVRDSSDUHQWWKDWWRPDNHWKHODQGVOLGHDQDO\VLVLQYHU\VHQVLWLYHPDQQHUZLOODOVRLQFUHDVHWKHTXDOLW\DQG
VHQVLWLYLW\RIWKHODQGVOLGHPDSVWKDWZLOOEHSURGXFHGIROORZLQJWKHVHDQDO\VHV7DNLQJSUHFDXWLRQDU\ULVNVDVSHUWKH
HQFRXQWHUHGGLIILFXOWLHVDQGULVNVDQGGRLQJULVNDQDO\VLVZLOODOVRLQFUHDVHWKHUHOLDELOLW\RIWKHDQDO\VLVDQGWKHPDSV
LIDQ\RQHXWLOL]LQJWKHDHULDOSKRWRJUDSKVGXULQJWKHFRQGXFWLRQRIODQGVOLGHDQDO\VLV,QWKLVVWXG\VRPHSRWHQWLDO
ULVNVWKDWFRXOGEHLQFUHDVHGLQIXUWKHUVWXGLHVDUHLQGLFDWHGZLWKVXJJHVWHGSUHFDXWLRQVWKDWPLJKWEHHQFRXQWHUHG
GXULQJWKHODQGVOLGHDQDO\VLVDQGWKHXVDJHRIDHULDOSKRWRJUDSKV
$PRQJWKHVHULVNVDQGGLIILFXOWLHVWKHIROORZLQJRQHVFDQEHFLWHGVSHFLDOO\DVSHUWKHVHTXHQFHQXPEHULQ)0($
WDEOH
x 5LVNVDQGSUREOHPVWKDWDUHHPHUJHGIURPWKHVFDOHRIDHULDOSKRWRJUDSKVWKDWLVXVHGIRUSURGXFWLRQRIWKH
ODQGVOLGHLQYHQWRU\PDSV+
x 5LVNVDQGSUREOHPVWKDWDUHHPHUJHGIURPWKHSHUVRQDOODFNRIH[SHULHQFHRIWKHSHRSOHWKDWLQWHUSUHWWKH
DHULDOSKRWRJUDSKVWDNHQIRUODQGVOLGHPDSV+
x 5LVNVDQGSUREOHPVWKDWDUHHPHUJHGIURPODFNRIGXHFDUHIRUILHOGPHDVXUHPHQWVSULRUWRDVVHVVPHQWRI
DHULDOSKRWRJUDSKVDQGIURPWKHTXDOLW\RIEDVHPDSV+
x 5LVNVDQGSUREOHPVWKDWDUHHPHUJHGIURPWKHPLVFDOFXODWLRQRIWKHODQGVOLGHSDUDPHWHUVLQKRUL]RQWDODQG
YHUWLFDOD[HV+
x 5LVNVDQGSUREOHPVWKDWDUHHPHUJHGIURPWKHODFNRIDGHTXDF\RIWKHVRIWZDUHDQGKDUGZDUHDQGFDOLEUDWLRQ
GHILFLHQF\ RI WKH PHDVXUHPHQW GHYLFHV WKDW DUH XVHG LQ WKH LQWHUSUHWDWLRQ RI WKH DHULDO SKRWRJUDSKV IRU
ODQGVOLGHPDSV+
x 5LVNVDQGSUREOHPVWKDWDUHHPHUJHGIURPWKHODFNRIDGHTXDF\RILQIRUPDWLRQWKDWDUHFROOHFWHGE\JHRORJLF
JHRPRUSKRORJLFJHRGHWLFDQGJHRSK\VLFDOZD\VLQWKHODQGVOLGHIRUPDWLRQ]RQHVLQWKHDVVHVVPHQWRIDHULDO
SKRWRJUDSKVIRUODQGVOLGHPDSV+
x 5LVNV DQG SUREOHPV WKDW DUH HPHUJHG IURP WKH LQWHUSUHWDWLRQ GLIILFXOWLHV UHVXOWHG IURP XUEDQ OLIH
GHYHORSPHQWVLQWKHDHULDOSKRWRJUDSKVLQWKHODQGVOLGH]RQH+
x 5LVNVDQGSUREOHPVWKDWDUHHPHUJHGIURPWKHUHVROXWLRQRIWKHDHULDOSKRWRJUDSKVLQSURGXFWLRQRIODQGVOLGH
LQYHQWRU\DQGVHQVLWLYLW\PDSV+
7KHDERYHGHILQHGULVNVDUHDVVHVVHGLQ7DEOH)0($7DEOHDQGUHOHYDQWULVNSULRULW\QXPEHUVDUHFDOFXODWHG
:LWKUHJDUGWRWKLV7DEOHLWHPVDUHHPHUJHGDVKLJKULVNOHYHODQGLWHPVDUHLQFOXGHGLQWKHPHGLXPULVNOHYHO,W
LV DWWHPSWHG WR PHQWLRQ WKH UHOHYDQW SUHFDXWLRQV DV SHU WKH GHILQHG ULVNV DQG ULVN SULRULW\ QXPEHUV DUH UHGXFHG
DFFRUGLQJO\


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7DEOH)0($7DEOHWKDWLVIRUPHGZLWKUHJDUGWRULVNVDQGSURSRVHGVROXWLRQVWKDWLVUHVXOWHGIURPDHULDOSKRWRJUDSK\LQFRQGXFWLQJODQGVOLGH
DQDO\VLVDQGSURGXFLQJODQGVOLGHLQYHQWRU\PDSV

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7DEOH7KH5LVNVWKDWDUH(PHUJHGIURP$HULDO3KRWRJUDSKVLQ'RLQJ/DQGVOLGH$QDO\VLVDQG
LQ3URGXFLQJ/DQGVOLGH0DSV3DUHWR$QDO\VLV

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
+HQFHLWLVDWWHPSWHGWRHOLPLQDWHWKHHQFRXQWHUHGGLIILFXOWLHVDQGSUREOHPVLQODQGVOLGHDQDO\VLVDQGODQGVOLGH
PDSSLQJVWXGLHVWKDWDUHPDGHE\XVLQJDHULDOSKRWRJUDSKVE\UHIHUULQJUHOHYDQWOHJDOUHTXLUHPHQWVDQGLWLVDLPHGWR
GRDQDO\VLVE\VHQVLWLYHPDSV+RZHYHULQWKLVVWXG\LQDGGLWLRQWR)0($VWXG\D3DUHWRDQDO\VLVLVUHDOL]HGWKDW
WDNHVWKHFULWLFDOWKUHVKROGOHYHODVWKHEDVH,QWKHSUDFWLFDOVWXG\FULWLFDOWKUHVKROGYDOXHLVHVWLPDWHGDV
 ,Q WKH UHDOL]HG3DUHWR$QDO\VLV VHTXHQFLQJRI WKH IDLOXUHDQG ULVN IDFWRUVDV LQSULRULW\RUGHU WKDWPLJKWEH
HQFRXQWHUHG LQ WKH VLPLODUZRUNV LVPDLQWDLQHG DQG UHOHYDQW SHUFHQWDJH YDOXH IRU HDFK IDLOXUH DQG ULVN IDFWRUV LV
FDOFXODWHG$VSHUWKHFRQGXFWHG3DUHWR$QDO\VLVWKHULVNVZLWK+++++RSHUDWLRQQXPEHUVDUHUHJDUGHG
DVKLJKULVNVDQGUHVXPHGWKHILUVWRUGHU7KHULVNVZLWK+++RSHUDWLRQQXPEHUVDUHUHJDUGHGDVPHGLXP
OHYHOULVNVDQGUHVXPHGWKHUDQNVRI7KHLQIRUPDWLRQIRUWKHFRQGXFWHG3DUHWR$QDO\VLVLVJLYHQZLWK7DEOH
DQGWKHJUDSKRIWKLVDQDO\VLVLVJLYHQZLWK)LJXUH

&RQFOXVLRQV

:KLOH)DLOXUH0RGHDQG(IIHFW$QDO\VLV)0($DQG3DUHWR$QDO\VLVKDYHDZLGHUDQJHRIDSSOLFDWLRQDVZHOO
DVFRPSHWHQWDQDO\VLVWHFKQLTXHVE\HVWLPDWLQJWKHULVNVWRZDUGSUHYHQWLQJWKHIDLOXUHV7KHVHWHFKQLTXHVDUHUHDOL]HG
ERWK LQ GHVLJQ DQG GHYHORSPHQW VWDJHV DQG SURGXFWLRQ VWDJHV+RZHYHU LW LVPRUH DSSURSULDWH WR FRQGXFW WKHVH
DQDO\VHVDWGHVLJQDQGGHYHORSPHQWVWDJHV%HFDXVHWKHFRVWRIWKHUHVRXUFHVIRUFRUUHFWLYHDQGRUSUHYHQWLYHDFWLRQV
GXHWRQRQFRQIRUPLWLHVWKDWDUHGHWHFWHGGXULQJWKHSURMHFWLPSOHPHQWDWLRQVWDJHLVUHDOL]HGZLWKWKHPLQLPXPFRVW
DWGHVLJQDQGGHYHORSPHQWVWDJHV
7KHLQWHQGHGSUHFDXWLRQVDWWKHHQGRIWKH)DLOXUH0RGHDQG(IIHFW$QDO\VLVDQG3DUHWRDQDO\VLVFDQEHUHDOL]HG
ZLWKPLQLPXPFRVW LQGHVLJQDQGGHYHORSPHQW VWDJHV(DFKUHOHYDQW UHYLVLRQDIWHU WKHGHVLJQVWDJHVPLJKWFDXVH
LQFUHDVHV LQ WKH FRVWV ,Q WKLV VWXG\ SRWHQWLDO GLIILFXOWLHV WKDWPLJKW EH HQFRXQWHUHG LQ WKH ODQGVOLGH DQDO\VLV DQG
ODQGVOLGHPDSSLQJE\XVLQJDHULDOSKRWRJUDSK\DUHGHILQHG,IWKHVHGLIILFXOWLHVDQGULVNVDUHFRQVLGHUHGSULRUWRDHULDO
SKRWRJUDSKVDVVHVVPHQWVDVHQVLWLYHDQDO\VLVDQGPDSSLQJFRXOGEHREWDLQHGDQGKHQFH WKLVUHVXOWZLOODVVLVW WKH
GHFLVLRQPDNHUV LQ FLW\ SODQQLQJ DQGZLOO KHOS WRPLWLJDWH WKH ULVNV DQG SUHYHQWLQJ WKH SRWHQWLDO GDPDJHV LQ WKH
ODQGVOLGHSRWHQWLDO]RQH


)LJXUH7KHULVNVWKDWDUHHPHUJHGIURPDHULDOSKRWRJUDSKVLQGRLQJODQGVOLGHDQDO\VLVDQGLQSURGXFLQJODQGVOLGHPDSV3DUHWRGLDJUDP
5HIHUHQFHV

>@&DQ(,QYHVWLJDWLRQRIODQGVOLGHSRWHQWLDOSDUDPHWHUVRQ=RQJXOGDN±(UH÷OL+LJKZD\DQGDGYHUVHHIIHFWVRIODQGVOLGHVLQWKHUHJLRQ
(QYLURQPHQWDO0RQLWRULQJDQG$VVHVVPHQW6SULQJHU±'RLV
>@$WDOD\,)%HNDURJOX1/DQGVOLGHVDQGHQJLQHHULQJDSSOLFDWLRQ5HSXEOLFRI7XUNH\*HQHUDO'LUHFWRUDWHIRU+LJKZD\V3XEOLFDWLRQ
ϭ Ϯ ϯ ϰ ϱ ϲ ϳ ϴ
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QRS$QNDUD7XUNH\LQ7XUNLVK
>@*X]]HWWL)0RQGLQL$&&DUGLQDOL0)LRUXFFL)6DQWDQJHOR0&KDQJ.7/DQGVOLGHLQYHQWRU\PDSVQHZWRROVIRUDQGROG
SUREOHP(DUWK6FLHQFH5HYLHZV
>@$)$'3UHSDUDWLRQRI,QWHJUDWHG+D]DUG0DSV/DQGVOLGHVDQG5RFNIDOO%DVLF*XLGH5HSXEOLFRI7XUNH\3ULPH0LQLVWU\'LVDVWHU
DQG(PHUJHQF\0DQDJHPHQW$XWKRULW\$QNDUD,Q7XUNLVK
>@:HLULFK)%OHVLXV/&RPSDULVRQRIVDWHOOLWHDQGDLUSKRWREDVHGODQGVOLGHVXVFHSWLELOLW\PDSV*HRPRUSKRORJ\
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